Objective: To evaluate the influence of extraction solvents on antioxidant and antimicrobial activities of the pulp and seed of Anisophyllea laurina R. Br. ex Sabine fruits. Methods: The antibacterial activities of pulp and seed extracts were tested by using disk diffusion method against eight bacterial strains and three fungal strains. Total phenolic, flavonoid, monomeric anthocyanin and tannin contents, and antioxidant activities were determined by spectrometric methods.
Introduction
The human diet often comprises foods and beverages with significant amounts of phenolic compounds such as fruits, vegetables, wines and teas. A considerable weight of evidence has been gathered suggesting that consumption of fruit and vegetables is beneficial for human health and may help in the prevention of chronic diseases, because they contain phenolic compounds [1] . Due to their antibacterial, antifungal and antiviral activity, phenolic compounds and antioxidant biomolecules were the subject of anti-infective research for many years [2] .
The food antimicrobials are usually classified into traditional or natural and synthetic substances depending on their origin. Antimicrobials are called traditional substances when they have been used for many years and many countries approve them for inclusion in foods. Although, many synthetic antimicrobials are found naturally (benzoic acid in cranberries, sorbic acid in rowanberries, citric acid in lemons, malic acid in apples, tartaric acid in grapes, etc.), the perception of natural has become important for many consumers [3] .
Anisophylleaceae comprise of 29-34 species in four genera: Anisophyllea with 2 species in South America, 5-9 in mainland Africa, 1 in Madagascar and [15] [16] [17] [18] [19] in Malaysia. It is the common mangrove and consequently accounts for a considerable growth area [4, 5] . A decoction of the leaves is used as a mouth rinse for toothache and the ground leaves are said to have medicinal properties to treat diabetes and emetics [6] . The leaves of Anisophyllea laurina R. Br. ex Sabine (A. laurina) plant were identified and are well-known as traditional medicine for malaria in Guinea [7] . Various solvent extracts from leaves and stem bark of A. laurina were previously tested in vitro antimicrobial activity. Ethanol and methanol extracts of the leaves and stem bark have shown the potential antibacterial and antifungal activities [8] . The study conducted by Kargbo et al. showed that the ethanol crude extract from leaves of A. laurina exerted an inhibitory effect on a-glycosidase and a-amylase [9] . A. laurina fruits have a pleasant taste of sweet cherries and have great importance from nutritional and economic points of view (Figure 1 ). They are consumed in different ways, either eaten fresh or boiled in jam. Information on phenolic compounds and antioxidant activities from pulp and seed of A. laurina fruit will contribute to a more comprehensive assessment of their nutritional value. Previous studies that focused on the chemical composition and nutritional properties of A. laurina fruit have revealed that pulp and seed have a high content of essential nutrients and organic acids which if well exploited and promoted can address many nutritional related disorders and also be useful in food industry for production of a variety of value added products [10] . To our knowledge, no previous study had directly examined the contributions of antimicrobial and antioxidant activities of A. laurina fruits. Thus, the aim of this present study was to evaluate in vitro antibacterial, antifungal and antioxidant activities of various solvent extracts of the pulp and seed of A. laurina fruits.
Materials and methods

Collection and preparation of plant extracts
Fresh mature whole fruits of A. laurina were collected in Coyah of Kindia region in September 2014 and identified by Valorization Center on Medicinal Plants, Dubréka, Guinea. A voucher specimen of the plant was deposited with the number 5HK4 at the herbarium of the center. About 10 g of each powder materials were extracted by sonication over an ice bed with methanol/water 80:20 (v/v), ethanol/water 80:20 (v/v) and ethyl acetate/water 1:5 (w/v) for 15 min. The clear filtrates were dried under vacuum using a rotary evaporator and gave the extract yields. The samples were stored at −20 C.
Quantification of phenolic compound
The total phenolic content (TPC) was determined using the Folin-Ciocalteu reagent as described by Gouveia and Castilho [11] . TPC was expressed as mg of gallic acid equivalents (GAE) per 100 g of dry weight (DW) through a calibration curve (0-400 mg/mL range). Total flavonoid content (TFC) was measured as described by Gouveia and Castilho [11] . TFC was expressed as mg of quercetin equivalent (QE) per 100 g of DW through a calibration curve of quercetin (0-400 mg/mL).
The total tannin content (TTC) was determined using the vanillin-methanol solution as described by Sun et al. [12] . TTC was expressed as mg (+)-catechin equivalents (CE) per 100 g of DW through a calibration curve (0-400 mg/mL). The total monomeric anthocyanin content (TMAC) of the extracts was determined using the pH-differential method previously described [13] . TMAC was expressed as mg of cyanidin-3-Oglucoside (C3G) per 100 g of DW.
Determination of antioxidant activities
2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity assay followed a reported method by Gouveia and Castilho [11] . The DPPH radical scavenging effect of the sample was expressed based on the Trolox calibration curve, as mmol Trolox equivalent (TE) per 100 g of dried fruit weight. Ferricreducing antioxidant power (FRAP) assay was conducted according to Lu et al. [14] . A standard curve was made with Trolox and the results were expressed as mmol TE per 1 g DW of the fruit powders.
The 2,2 0 -azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging activity assay was performed according to the procedures of Gouveia and Castilho [11] . Results were expressed as mmol TE per 100 g of extract.
In vitro antimicrobial assay
Antimicrobial activity of extracts was evaluated according to the method reported by Onivogui et al. [8] . The extracts were tested for activity against eight strains of bacteria: Staphylococcus aureus (S. aureus) ATCC 6538, S. aureus ATCC 29213, Bacillus subtilis ATCC 6059 (B. subtilis), Escherichia coli (E. coli) ATCC 25922, E. coli O157:H7, Salmonella Typhimurium ATCC 14028 (S. Typhimurium), Aeromonas hydrophila ATCC 7966 (A. hydrophila) and Pseudomonas aeruginosa (Schroeter) Migula ATCC 27853 (P. aeruginosa) and three fungal strains: Candida albicans CMCC 98001 (C. albicans), Aspergillus niger MCC 98003 (A. niger) and Aspergillus flavus AS3.3554 (A. flavus). All these bacteria and fungi were collected from Beijing Institute of Biotechnology.
Statistical analysis
Results obtained were reported as mean ± SD of triplicate measurements. Significance differences for multiple comparisons were determined by One-way ANOVA followed by Duncan test with P = 0.05 using SPSS (version 19). 
Results
Percent yield, total phenolic, flavonoid, monomeric anthocyanin and tannin contents
Total phenolic, flavonoid, monomeric anthocyanin and tannin contents were determined for methanol, ethanol, ethyl acetate and water extracts of pulp and seed of A. laurina fruit, separately and were presented in Table 1 . Their values showed great variations in various solvents. The yield extracts for the pulp were as follows: 47.62% for ethanol, 32.67% for methanol, 27.66% for ethyl acetate and 11.09% for water while the crude extract for seeds were 48.43% for ethanol, 34.45% for methanol, 17.49% for ethyl acetate and 14.41% for water. It was further noted that the extract yields in descending order followed this trend: ethanol > methanol > ethyl acetate > water in both pulp and seed. The TPC in extracts, expressed as GAE per 100 g of dry extract weight were ranged from 1 858.53 to 4 329.66 mg GAE/100 g for pulp and 1 997.35 to 2 679.84 mg GAE/100 g for seed, TFC ranged from 103.87 to 549.40 mg QE/100 g for pulp and 129.44 to 297.47 mg QE/100 g for seed, TMAC ranged from 32.27 to 63.27 mg C3G/100 g for pulp and 12.45 to 40.59 mg C3G/100 g for seed and TTC ranged from 157.53 to 817.42 mg CE/100 g for pulp extract and 2 437.02 to 5 326.78 mg CE/100 g for seed. The TPC, TFC and TMAC amounts in pulp extract were higher than in seed, while the TTC in seed extracts (5 326.78 mg CE/100 g) was higher than in pulp extract (817.42 mg CE/100 g). It was further found out that ethanol and methanol were the best efficient solvents for extraction of phenolic compounds in pulp and seed.
Antioxidant activities
Results for the antioxidant activities of the pulp and seed as determined by ABTS, DPPH and FRAP assay using the different extractions were shown in Figure 2 . The ethanol extract of pulp showed the highest DPPH scavenging activity values within the range from 1 073.83 to 2 617.89 mmol TE/100 g while the lowest DPPH values (745.83 to 1 528.57 mmol TE/100 g) were obtained from extract of seed ( Figure 2A) . However, the highest levels activities evaluated by the ABTS and FRAP assay were noted in ethanol extract of seed (6 906.34 mmol TE/100 g and 2 696.474 mmol TE/100 g, respectively) ( Figure 2B ). 
In vitro antimicrobial assay
The crude extracts of pulp and seed exhibited antibacterial activity against bacterial strains and the fungus (Table 2) . According to the results obtained from the disc diffusion assay given in Table 2 . Ethanol extract of pulp showed the highest activity against E. coli O157:H7 (23.33 mm) followed by A. hydrophila (22.43 mm), S. aureus ATCC 6538 (22.33 mm) and P. aeruginosa (22.23 mm). Ethyl acetate showed the moderate antibacterial activity against Gram-positive bacteria and did not show any inhibitory effect on all Gram-negative bacteria except S. Typhimurium (17.00 mm).
Compared to the pulp, ethanol and methanol extracts of seed showed the best inhibition against all bacteria. Antibacterial activity of ethanol extract varied greatly among the different pathogenic bacteria and the highest activity was observed against P. aeruginosa (25.10 mm) followed by S. aureus ATCC 6538 (23.00 mm), B. subtilis (21.00 mm), E. coli O157:H7 (21.00 mm) and S. Typhimurium (20.00 mm).
The antifungal activities of the pulp and seed extracts were tested against three fungal species as C. albicans, A. niger and A. flavus (Table 2 ). Ethanol and methanol extracts of pulp showed a low inhibition against A. niger (10.00 and 8.00 mm respectively) and C. albicans (11.12 and 9.06 mm whereas there was no activity against A. flavus). However, water and ethyl acetate extracts of pulp did not show any activity against A. niger and C. albicans.
Contrary to the pulp extracts, ethanol extract of seed showed the moderate inhibition activity against A. niger (12.03 mm) and C. albicans (14.06 mm). Similarity to the pulp extract, water and ethyl acetate extracts of seed did not show any antibacterial activity against A. niger and C. albicans. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) or minimum fungicidal concentration (MFC) values of pulp and seed extracts were determined by using two-fold broth micro-dilution method. As showed in Table 3 , the methanol and ethanol extracts of the pulp showed antibacterial activity against all bacteria with MIC values of 125-250 mg/mL and MBC values of 250-500 mg/mL and water had moderate antibacterial activity against all bacteria except A. hydrophila with MIC value 1 000 mg/mL while ethyl acetate extract had the lowest antimicrobial activity with MIC values of >1 000 mg/mL against A. hydrophila, E. coli O157:H7, E. coli ATCC 8739 and P. aeruginosa. Further methanol and ethanol extracts of pulp showed low antifungal activity against C. albicans and A. niger,
with MFC values of 1 000 mg/mL while MFC values of methanol and ethanol extracts of pulp were 1 000 mg/mL for C. Albicans and A. niger, and A. flavus (MIC > 1 000 mg/mL).
Compared to the pulp, MIC values of methanol and ethanol extracts of seed ranged from 125 to 250 mg/mL and MBC values 500 mg/mL. Among the bacteria used, the most sensitive bacteria were all Gram-negatives bacteria with MIC value ranged from 125 to 250 mg/mL, whereas ethyl acetate extracts of seed were moderately active against all bacteria with MIC values ranged from 250 to 500 mg/mL, and MBC values ranged from 500 to 1 000 mg/mL. However, all bacteria were almost resistant to the water extracts of seed with the MIC of >1 000 mg/mL except P. aeruginosa with MIC value of 500 mg/mL and MBC values of 1 000 mg/mL. Methanol and ethanol extracts of seed were moderately sensitive against C. albicans MIC values of 500 mg/ mL and MFC values of 500 mg/mL, A. niger and A. flavus with MIC values 500 mg/mL and MFC value ranged from 500 to 1 000 mg/mL. However, all fungus were almost resistant to the ethyl acetate and water extracts of seed with the MIC of >1 000 mg/mL.
Discussion
The results of this study confirmed that both ethanol and methanol are very effective to extract phenolics due to their high polarity and good solubility for phenolic compounds [15] . Comparing these results with literature, the values of the TPC obtained in this study were found to be higher than those obtained in other fruit species such as sapodilla (13.5 mg of GAE/100 g), jackfruit (29.0 mg of GAE/100 g) and pineapple (38.1 mg of GAE/100 g) as reported by Almeida et al. [16] . TMAC value in pulp was higher than pineapple (11.62 mg/ 100 g), cashew apple (7.32 mg/100 g), guava (7.62 mg/ 100 g), papaya (1.87 mg/100 g) and tamarind (2.92 mg/100 g) as reported by Ribeiro da Silva et al. [17] .
Comparing with some other tropical fruits, amount of FRAP of A. laurina fruit was higher than those fruits studied by Contreras-Calderón et al. except banana passionfruit (175 mmol TE/g) and Brazilian guava (39.9 mmol TE/g) [18] . These results are in agreement with that of a previous study reported by Korekar et al. who found that FRAP was higher in seed of sea buckthorn (Hippophae rhamnoides L.) than in pulp [19] . On the other hand, the pulp and seed extracts were found to be a good source of antioxidants by ABTS than tamarind (Tamarindus indica) (8.32 mmol TE/g), pineapple (3.78 mmol TE/g), murici (Byrsonima crassifolia) (15.73 mmol TE/g) and mangaba (10.84 mmol TE/g) as reported by Almeida et al. [16] .
In this present study, DPPH antioxidant capacity of seed and pulp showed better activity than some exotic fruit, such as tamarind (Tamarindus indica) (2.04 mmol TE/g), murici (Byrsonima crassifolia) (6.46 mmol TE/g), mangaba (5.27 mmol TE/g) pulps as reported by Almeida et al. [16] .
However, higher ABTS, DPPH and FRAP values were observed after extraction with ethanol and methanol as compared to extraction by ethyl acetate and water. Furthermore, correlation tests (Pearson correlation) study between total tannin, phenolic content and antioxidant activities (DPPH, ABTS, FRAP) in the pulp and seed extracts revealed a positive correlation (r = 0.999, P < 0.01), which mean that TTC increased as the concentration of total phenolic and antioxidant activities increased. Significant correlations between total phenolic and antioxidant activities have also been reported by Contreras-Calderón et al. [18] .
According to the antibacterial activities of methanol, ethanol, ethyl acetate and water crude extracts of pulp, we confirmed previous studies which reported that ethanol and methanol were among the best solvents used for extraction of antimicrobial substances compared to ethyl acetate and water [20] [21] [22] . We demonstrated that the pulp and seed extracts of A. laurina fruits possess antibacterial activities. Similar studies elsewhere recorded antibacterial activity of the fruits extracts against activities against Gram-positive and Gram-negative bacteria [23, 24] .
Nevertheless, ethyl acetate extract of seed showed moderate inhibitory effect against all bacteria studied. Water extract of seed did not show any antibacterial activity against all Grampositive and Gram-negative except P. aeruginosa. Similar results have been reported where aqueous extracts had low or no antimicrobial activity [25] . A. hydrophila, which is already known to be multi-drugs resistant, was inhibited by pulp and seed extracts. These results are important due to the fact that A. hydrophila can produce several types of enterotoxins that cause dysenteric gastroenteritis [8, 26] .
In the study, the extracts from pulp and seed of A. laurina fruits showed that ethanol and methanol were a better extraction solvents of TPC, TFC, TMAC and TTC compared to ethyl acetate and water. However, the TTC in seed extracts was higher than pulp extracts. They were also found to be the most effective against both Gram-positive and Gram-negative bacteria strains. However, the fungal strains showed low sensitivity to pulp extract compared to seed extract. Additionally, our results revealed a significant and strong correlation between phenolic compounds and antioxidant activities. This study further requires the isolation and identification of bioactive compounds in the pulp and seed used.
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